The interface structure of an ultrathin Co overlayer on a Pt͑111͒ crystal was investigated with atomic-layer resolution medium-energy ion scattering spectroscopy and surface magneto-optical Kerr effect ͑SMOKE͒. For a 7 ML Co, interdiffusion begins at 673 K to form a heavily distorted Co-Pt surface alloy layer with little change in SMOKE intensity. However, annealing at 773 K formed a 30 atomic-layer-thick Co-Pt substitutional alloy with 3.7% maximum tensile strain, at which the SMOKE intensity increased more than 200%. The enhancement of the Kerr intensity is discussed with the interface alloy formation. © 2001 American Institute of Physics. ͓DOI: 10.1063/1.1388156͔ Perpendicular magnetic anisotropy and large magnetooptical ͑MO͒ Kerr effect of Co-Pt systems have attracted strong interest due to their applications to high-density MO and perpendicular magnetic recording media. Magnetic anisotropy is very sensitive to local order and the broken symmetry at interfaces. A number of studies have been reported on the effects of intermixing, interface alloy formation, Pt polarization for Co-Pt multilayers, thin films, and alloys.
Perpendicular magnetic anisotropy and large magnetooptical ͑MO͒ Kerr effect of Co-Pt systems have attracted strong interest due to their applications to high-density MO and perpendicular magnetic recording media. Magnetic anisotropy is very sensitive to local order and the broken symmetry at interfaces. A number of studies have been reported on the effects of intermixing, interface alloy formation, Pt polarization for Co-Pt multilayers, thin films, and alloys. [1] [2] [3] [4] [5] [6] [7] [8] However, detailed atomic scale characterization of the Co-Pt interface is still lacking, since most conventional surface and interface analysis tools have limited depth resolution. Medium-energy ion scattering spectroscopy ͑MEIS͒ has been applied to study various important interfaces with atomiclayer depth resolution to investigate the composition and structural profiles near the interfaces. [9] [10] [11] In this letter, we have used MEIS and the surface magneto-optic Kerr effect ͑SMOKE͒ to investigate the structural and magnetic properties of a 7 ML Co overlayer on a Pt͑111͒ surface. Co interdiffusion into Pt͑111͒ and a surface alloy formation with the strain distribution were clearly observed with MEIS and correlated with dramatic enhancement in the SMOKE signal.
The MEIS experiment was done with 100 keV H ϩ ions incident along the ͓110͔ direction and exiting along the ͓001 ͔ direction with the scattering angle of 90°. Details of the MEIS techniques and the system used in this experiment are described elsewhere. 9, 10 The magnetic properties of Co/ Pt͑111͒ were investigated in a separate UHV chamber equipped with an in situ SMOKE setup. 12 The identical sample treatment and Co deposition methods were used for the MEIS and SMOKE experiments. After sputter cleaning the Pt single-crystal substrate followed by annealing up to 1000 K, a Co layer was deposited from an electron-beam heated source. The pressure remained better than 2 ϫ10 Ϫ10 Torr during deposition. All the depositions and experiments were performed at room temperature.
In Fig. 1 , the energy spectra of a Co overlayer on Pt͑111͒ for various Co coverages are shown. The decrease of the surface Pt peak down to 50% with the deposition of about 1.4 ML Co layer implies that Co atoms block the surface Pt atoms efficiently, but not completely. It suggests that the initial Co layers do not grow with the lateral spacing of the Pt substrate, consistent with recent studies. 13, 14 It is clear from Fig. 1 that the Pt surface peak persists up to 4 ML Co deposition, which shows that a significant fraction of the original Pt surface is exposed. At higher coverages, as Co forms a continuous overlayer, the Pt surface peak disappears. Broadening of the surface Pt peak could be mainly due to the nonuniform Co overlayer thickness. The evolution of MEIS energy spectra of 7 ML Co on Pt͑111͒ as a function of annealing temperature is shown in Fig. 2 . After annealing at 573 K for 3 min, there is a slight change in the Co and Pt peak shapes probably due to the morphological change. However, after annealing at 673 K for 5 min, the surface Pt peak reappeared with a very broad width corresponding to 10 atomic layers. At the same time the Co peak decreased into a smaller peak. A clean and sharp Pt peak appeared after annealing at 773 K for 2 min. A very broad peak extending from the surface down to 30 atomic layers deep was also observed at this annealing temperature. Further annealing at 873 K enhanced the Pt surface peak and the broad peak became a background that increases with the depth. Annealing further up to 973 K for 2 min regenerates the clean Pt MEIS energy spectra shown in Fig. 1 . The change of the MEIS spectra with annealing clearly shows that the 7 ML Co overlayer does not undergo interdiffusion with the Pt͑111͒ substrate up to 573 K. The interdiffusion takes place at temperatures above 673 K and forms a heavily distorted, or almost amorphous, surface alloy, since no block dip can be observed in the layer. After annealing up to 773 K, Co atoms diffuse into the Pt substrate and distort the Pt substrate lattice significantly, as reflected in the increase of the minimum yield of blocking dips. Therefore, the broad peak in the energy spectra reflects the distribution of Co atoms diffused into the Pt substrate, which extends over 30 atomic layers from the surface. A peak below nine layers was observed. The disappearance of the Co peak with diffusion shows that the diffused Co atoms occupy substitutional sites in the Pt lattice. The increased background after annealing at 873 K suggests that the Co atom distribution and associated lattice distortion is quite extended. It is estimated to be tens of atomic layers.
For a more-detailed analysis of the Pt lattice distortion due to the diffusion of Co atoms, the change of the blocking dips as a function of depth after annealing at 773 K are shown in Fig. 3 . Pt atoms between 8 and 11 layers below the surface are under tensile strain, as reflected in the very clear dip shift of 1.0°to the lower scattering angle. It reflects a 3.7% vertical contraction of the ͑111͒ interlayer distance due to the diffused substitutional Co atoms. Assuming a uniform distribution of 7 ML Co over 30 Pt atomic layers, the Co concentration could be estimated to be approximately 25%. Considering 10% smaller covalent radius of Co compared with Pt, a maximum of 3.7% vertical contraction of the Pt lattice with 25% Co surface alloying would be reasonable. The increased background of the MEIS spectrum after annealing at 873 K for 2 min suggests that the dilute surface alloy is still in the tensile strain.
The ferromagnetic hysteresis loop exhibiting perpendicular magnetic anisotropy ͑PMA͒ is already visible in SMOKE data at 2 ML, which persists up to 11 ML where spin reorientation transition from PMA into in-plane anisotropy occurs. The SMOKE measurements were performed for the 7 ML Co overlayer under annealing conditions identical to the case of the MEIS measurements. The results are summarized in Fig. 4 . Initially, a square polar hysteresis loop was observed, as shown in the inset, with no longitudinal signal. Little change was visible upon annealing at 573 and 673 K for 3 and 5 min, respectively. However, 2 min annealing at 773 K dramatically increased the saturated Kerr rotation and the coercivity. Annealing at 873 K for 2 min further enhanced the Kerr rotation and coercivity. The maximum enhancement in the Kerr signal was as large as 230% at 873 K. Annealing at 973 K for 2 min wiped out the ferromagnetic signal completely. These observations clearly show that heavily distorted surface alloying of high Co fraction do not contribute to enhance the SMOKE signal. However, as soon as Co atoms form a surface alloy with Pt crystalline lattice atoms by occupying the substitutional sites, the Kerr signal increases dramatically. The Kerr signal continues to increase as Co atoms form a dilute alloy with a concentration as low as, probably, a few percent.
Recently, Shern et al. reported on a similar SMOKE experiment with Co/Pt͑111͒ and found that the Kerr signal increases up to 200% for 1 ML of Co overlayer after annealing at 710 K. 15 A resonant magnetic surface diffraction experiment of Co on Pt͑111͒ indicates 13 that the polarization of Pt is evident and transformation from fcc structure to hcp upon annealing results in ϳ25% enhancement of the magnetization at the interface. But the increase in the polar Kerr rotation by as much as 200% is too large to be explainable by the magnetic moment increase alone. Train et al. 16 suggested that the formation of an ordered CoPt alloy might account for the increase, since the chemical ordering in the Co-Pt alloy is accompanied by a substantial electronic bandstructure change. 7 However, formation of ordered alloys cannot be confirmed by MEIS. Tyson et al. reported segregation of Co into monolayer thick planes in PtCo alloy films as an origin of PMA, 8 which is quite similar to the interface alloy formation in this report. We believe the detailed depthresolved structural data reported here including the measured tensile strain up to 3.7% in the interface alloy will give an important clue for the elucidation of such a large increase in the Kerr rotation.
In summary, we have investigated the interface structure of a 7 ML Co overlayer on Pt͑111͒ using MEIS with atomiclayer depth resolution. We found that after annealing an interface substitutional alloy under tensile strain up to 3.7% was formed. This alloy formation was accompanied by a dramatic enhancement in the polar SMOKE signal. It shows that the interface control is very critical in the application of Co-Pt multilayers for magnetic and magneto-optical recording media.
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